The intestinal mucosa is a major barrier in preventing bacteria invading the body but under certain circumstances mucosal gut barrier can be breached leading to the migration of bacteria to distant organs (mesenteric lymph nodes, spleen and liver). This process is termed bacterial translocation. The abnormal changes in gut ecosystem due to bowel resection led to bacterial overgrowth demonstrated postoperatively in male wistar rats duodenal and stool culture. We proved that after an extended bowel resection there is a direct relation between the number of the intestinal bacteria, the abnormal mucosal structural and functional changes and bacterial translocation to distant organs. A total of 22 male wistar rats divided in 4 groups were studied, short bowel syndrome was simulated in 16 by extended bowel resection (60%, 70% and 75%) while 6 rats had no surgery. Bacterial toxins induced local inflammation which altered neuromuscular tissue function, deteriorated further the gut barrier and increased bacterial overgrowth and bacterial translocation demonstrated by rat's intestinal biopsy results. The sequence of events leading to translocation remained unclear. The correlation between the percentage of the duodenal aspirate Enterococcus and cecal stool bacteria in rats was R= 0.81, while the correlation between duodenal aspirate Enterococcus and cecal stool bacteria of rats without ileocecal valve resection compared to rats with ileocecal valve resection was R= 0.57 being statistically relevant. Simulated short bowel syndrome by extended intestinal resection caused bacteria overgrowth in residual rat's bowel and this subsequently led to bacteria translocation to distant organs.
Keywords: Bacterial translocation, Bacterial overgrowth, Intestinal resection, Bowel adaptation, Duodenal aspirate. EBR in male wistar rat's triggered chain of reactions that led to the increased number of bacteria (bacterial overgrowth), the abnormal intestinal mucosal morphologic and functional changes, and the bacterial translocation to distant organs. Bacterial translocation in humans though not yet proven is still presumed to be involved in multiorganic dysfunction syndrome, systemic inflammatory response syndrome, acute pancreatitis, cirrhosis, burns, ischemia-reperfusion syndrome, and intestinal obstruction [3] . Study was designed to compare intestinal bacterial flora of cecal stools and duodenal fluid of rats with different degrees of bowel resections (60%, 70% and 75%) prior to and at the end of the experiment, while the rationale for this was to prove that the intestinal bacteria had an adverse effect on the intestinal mucosal architecture and cell kinetics seen on rats gut histopathology analysis.
Our aim was to prove that after extended bowel resection there is a direct relation between the numbers of the intestinal bacteria (bacterial overgrowth), the abnormal intestinal mucosal morphologic changes and the BT to distant organs (MLNs, spleen and liver). We were also able to compare our findings with similar studies in humans.
Experimental part Materials and methods
A total of 22 rats male wistar rats aged between 4 to 6 months (equivalent to human age of 12-18 years), and weighing between 235 and 300g divided into 4 groups were studied, out of which SBS was simulated in 16 (n=16) through extended bowel resection (60%, 70% and 75% respectively). However, 6 rats (n=6) had no surgery (2 received proton pump inhibitor (pantoprazole 20mg) and histamine 2 blocker (zantac 75mg), 2 received antibiotics (Neomycin 125mg/5mL) and probiotics (linex 60mg), 2 received no medication). The rationale for dividing 6 nonsurgical rats into subgroups was to demonstrate the harmful effect of antibiotics and antisecretory medications (in 4 rats) on intestinal mucosal architecture and cell kinetics seen on jbiopsies even in the absence of an EBR. Experiment was performed in a facility that housed research rodents. Animals were bred in our institution research facilities. Experiment was carried out to a high ethics standard and with the approval of the ethics committee at the University of Medicine and Pharmacy (Approval number: 19/17.04.2017). Animals were bred in different cages in our laboratory according to current regulations. The standard rat cage used by research institutions (including ours) requires approximately 903 cm 2 of floor space. Bedding floor was wire bottomed and with wood-shaving product which helped to keep animals warm as well. Animals were kept in individual cages with free access to food and water. Medications (antibiotics/ probiotics, antisecrectory and pain killers) were mixed with the animal's water. Animals were fed standard pellet rat chow prior to surgery and after surgery. Rats were disease free of parasites, viruses and bacteria. Room environment where rats were housed was controlled at a temperature of 20-23 °C: humidity of 30% to 70%: 14:10-h light: dark cycle). Rats were housed in individually ventilated caging (model Allentown caging). Cages were changed at least every 14 days and more often as necessary, according to established standard operating procedures. Animal care staff wore dedicated footwear and personal protective equipment that consisted of a disposable gown and gloves when performing animal husbandry tasks. Animal rooms were swept and then mopped. Sanitation Strategies was on daily basis except on weekends and holidays. Rat's age varied between 4 to 6 months (equivalent to human age of 12-18 years). The rationale for using younger rats was to compare the results with the results of SBS pediatric patients.
Study design: Group A: 60% intestinal resection without an ileocecal valve resection (A1 = 4 rats) and 60% intestinal resection with an ileocecal valve resection (A2= 4 rats). Total number of rats: 8
Group B: 70% intestinal resection without an ileocecal valve resection (B1= 3 rats) and 70% intestinal resection with an ileocecal valve resection (B2= 3 rats). Total number of rats: 6
Group C: 75% intestinal resection with ileocecal valve resection (C= 2). Total number of rats: 2 Group D: Rats without intestinal resection but under daily proton pomp inhibitor treatment (D1= 2 rats), Rats without intestinal resection but under daily antibiotics and probiotics treatment (D2= 2 rats) and Control study rats without surgery (D3= 2 rats). Total number of rats: 6 Body weight, nutritional status and stool were frequently analyzed. Rats with 75% of bowel resection were sacrificed 2 weeks after surgery. Rats with 70% bowel resection were sacrificed 3 weeks after surgery, while rats with 60% bowel resection were sacrificed 4 weeks after surgery together with the other non-surgical rats. The rationale for sacrificing animals with more EBR earlier was based on the fact that they gradually exhibited signs of intestinal failure (bloating, diarrhea, poor appetite, malnutrition, foul smelling stool (steatorrhea), weakness and weight loss). MLNs, spleen, liver, duodenal fluid and cecal stool were obtained for bacterial detection, while samples of the harvested intestine were sent for histopathology analysis. At the time of harvest, a 50-mm segment of the mid-ileum and colon were removed and opened along the mesenteric border. Tissues were fixed in 4% paraformaldehyde and embedded in paraffin. Sections (5µm) were stained with hematoxylin and eosin and examined using light microscopy.
Operative procedures: Rats were in good health and were randomized by body weight and fasted overnight prior to surgery. The following day, rats underwent laparotomy (as described) between 9:00 AM and 15:00 PM. Animals were placed briefly on inhalation general anestesia (isoflurane 2-2.5%) and oxygen of 0.5-0.7L/min. The rationale for using isoflurane was because it offers many advantages over other inhalational anesthetics. Its faster induction and recover y, relative sparing effect on cardiovascular function and cerebral blood flow autoregulation, and negligible metabolism makes it particularly useful in anesthetic management of small animals. A ventral abdominal midline incision was performed. The locations for bowel transection and partial small bowel-colon resection were identified by using defined landmarks. The length of the residual intestine was measured in 10-cm segments from the ligament of Treitz advancing along the anti-mesenteric border of a slightly stretched intestine. Rats gut were removed (intestinal resection) at the rate of 60, 70 & 75% respectively (with or without the ileocecal valve), followed by intestinal end to end anastomosis. There was no anastomotic leak found at the time of animal organ harvesting. Pathology samples of intestine, MLNs, liver and spleen were obtained on initial resection for pathology comparison of specimens at end of the experiment when the remainder intestinal specimen of non-surgical rats was obtained. Duodenal fluid culture of rat's prior to surgery were obtained and were all negative for bacteria. Pathology samples of rat's intestine, MLNs, liver and spleen obtained at initial resection for comparison at the end of the experiment were all normal.Antibiotics (neomycin) were added to the rat's drinking water prior to and after surgery until tissue collection on days 14, 21 and 30 respectively.
Tissue collection: Rat's intestines were stripped of mesenteric and vascular connections and sequentially removed from the peritoneum. The lumen was flushed with saline solution to clear intestinal contents. Segments used for this study were collected sequentially at the equivalent site in each rat. MLNs were dissected from the mesentery and then parts of the spleen and liver were also harvested and placed in bottles containing formaldehyde for preservation. Blood was drawn by cardiac puncture. Serum was collected and stored at -80°C.
Bacterial culture and identification: MLN were homogenized with sterile glass tissue grinders, and then put on MacConkey agar plate to identify gram-negative enteric bacterial pathogens. Positive bacterial colonies were counted after incubation for 24 h at 37°C. Bacterial translocation to MLN was considered present when a sample had more than 10 colony-forming units per gram tissue. Positive colonies were sub-cultured on blood agar for an additional 24 h at 37°C, and enterobacteriaceae species were identified in our clinical laboratory. Bacterial overgrowth was found in duodenal fluid of greater than 100,000 colony-forming per unit per mL. Enterococcus accounted for most of the bacterial translocation followed by Escherichia coli.
Euthanasia method: Animal euthanasia was performed in our research laboratory with trained personnel approved on the Animal Protocol. Inhalation anesthetics gas isoflurane was used to render the rodents unconscious. Animals were placed in sealed chambers where high level of anesthetic gas was introduced. Upon achieving unconsciousness death was caused by CO2 at a flow rate of 10-30% volume per minute, followed by continued exposure to CO2 for at least 15 min after respiratory arrest. Animals showed no sign of stress. Rat's organs (MLNs, intestine, spleen and liver) were harvested for histopathology and microbiology studies, After euthanasia death was verified prior to disposal, after which animal remains were cremated.
Results and discussions
Rats with 60% intestinal resection without ileocecal valve resection ( Histopathology result showed an increase in villous height, crypt dept, the intestinal diameter thickness (mucosal hyperplasia and bowel dilatation), the pseudostratified immature enterocytes and rare calciform cells (fig 1) . postoperatively. Histopathology result showed increased villous atrophy with some calciform cells at the base of the intestinal villi ( fig. 4 Rats with 75% intestinal resection with ileocecal valve resection (table 1, C): Duodenal aspirate cultures were positive for Enterococcus, while cecal stool cultures were positive for Enterococcus and E coli 14 days postoperatively. Histopathology result showed increased intestinal atrophy and proliferation of programmed death cells (apoptosis) within enterocytes, mucosal hyperplasia with immature enterocytes but no calciform cells. Epithelial desquamation mixed with mucosal hyperplasia and leucocytes infiltration, intestinal glands hypertrophy with lumenal detrusor cells associated with rounded hypertrophied calciform cells, moderate and numerous areas of leucocytes infiltration. Leucocytes infiltration was associated with numerous detrusor cells at the lamina propria ( fig. 5a and 5b ). Microbiology culture (duodenal fluid, cecal stool, MLNs, spleen and liver), histopathology and laboratory tests showed a milder form of SBBO and BT in rats with lesser intestinal resection compared to rats with greater EBR. Bacterial concentration was higher in rats with ileocecal valve resection compared to rats without ileocecal valve resection. However, the non surgical rats that received just probiotics/antibiotics treatment had milder form of BO and no BT compared to non surgical rats on proton pump inhibitors/antihistamine 2 blockers because the chronic inhibition of gastric acid secretion by histamine 2 receptor blockers/proton pump inhibitors increased the number of gastric bacteria. Rats with intestinal resection gradually developed weight loss, significant bacterial overgrowth, malnutrition, malabsorption, maladaptation, diarrhea, selffilling loop, hepatomegaly, hepatic injury (bile duct proliferation), fibrosis, acute periportal and parenchymal inflammation at 2, 3 and 4 weeks postoperatively.
The percentage of the intestinal resection and the presence or the absence of the ileocecal valve determined the outcome of bowel adaptation. The correlation between the percentage of the duodenal aspirate Enterococcus and cecal stool bacteria in rats was R= 0.81. However, the correlation between duodenal aspirate Enterococcus and cecal stool bacteria of rats without ileocecal valve resection compared to rats with ileocecal valve resection was R= 0.57 being statistically significant. Correlations were analyzed with pearson's correlation test.
EBR were followed by a compensation response within the residual bowel termed adaptation, a process characterized by an early increase in blood flow to the intestinal remnants and by long term stimulation of intestinal growth, which enormously enlarged the absorptive surface area [4] . The latter led to an increase in villous height, crypt dept, intestinal length and thickness in diameter (mucosal hyperplasia and bowel dilatation) [4] . Resection induced adaptation provoked functional alterations that affected intestinal morphology and kinetics of cell turnover [5] . In terms of morphologic changes the bowel increased in its length and caliber as hyperplasia and hypertrophy of intestinal layers were noted. In addition to morphologic changes the rate of enterocytes turnover was enhanced, as demonstrated by increased proliferation and by the rate of programmed cell death (apoptosis) within enterocytes [5] . Mucosal hyperplasia and villous hypertrophy occurred in the early stage of the disease. SBBO caused various degrees of intestinal villous atrophy and mucosal damage due to the effect of the endotoxins [5] . Loss of intestinal barrier was associated with translocation of enteric bacteria in animal model, but comparative studies showed that BT in humans was not ≥ Histopathology result of rats that received probiotics/ antibiotics showed mild mucosal inflammatory infiltration, villous hypertrophy, glandula dilatation and enterocyte atrophy (fig 7) .
Control study rats (table 2, D3): Duodenal aspirate cultures were negative for bacteria, but histopathology showed intestinal villi without atrophy and no enterocyte hypertrophy (fig 8) . Microbiology organ culture result of rats with 60% intestinal resection (without an ileocecal valve resection): MLNs cultures were positive for Enterococcus, while spleen and liver cultures were negative for bacteria. Rats with 60% intestinal resection (with ileocecal valve resection): MLNs, spleen and liver cultures were positive for A1.1: Rats with 60% intestinal resection but without ileocecal valve resection A2.1: Rats with 60% intestinal resection including ileocecal valve resection B1.1: Rats with 70% intestinal resection but without ileocecal valve resection B2.1: Rats with 70% intestinal resection including ileocecal valve resection C: Rats with 75% intestinal resection including ileocecal valve resection Table 2 RAT LABORATORY BLOOD TESTS, LAST DAY OF EXPERIMENT linked to intestinal permeability increase or villous atrophy [6] . Extended bowel resection in rats led to delayed intestinal transit time and intestinal stasis, this predisposed host to SBBO [7] . Motility disorders that followed intestinal resection and/or gastric acid inhibition contributed to the development of SBBO [7] . Mucoasal damage caused by intestinal motility may also be related to the psychological stress of laparatomy and subsequent bacterial overgrowth. Obstruction of the intestinal content outflow at the anastomotic site due to adhesion, strictures and web after an EBR helped to promote SBBO [8] . The possibility of bacteria overpopulation in spleen and liver due to anastomotic leak was excluded postoperatively during organ harvest. Gastric acidity acted as the initial line of defense against ingested bacteria, even though the bactericidal effect of gastric hydrochloric acid may have neutralized excess gut bacteria, it still was unable to stop BO and subsequent BT [9] . Gastrointestinal and pancreatic secretions helped to dilute bacteria mass and were significant obstacles to bacterial overgrowth [10] . The malnutrition that followed EBR was another factor that further decreased gastric acidity and host immune function, and exposed host to SBBO [10] . Nitric oxide production by the intestinal microbiota played an important role in gut bacterial flora regulation [11] . The impediment of food passage, gastric, pancreatic and liver secretions from a small intestinal segment primarily reduced the number of cells per crypt, which led to a lower cell production, responsible for the reduction of the functional villous cell compartment [12] . Apoptosis (programmed cell death) also increased crypt and villous compartments after resection [12] . Intestinal adaptation occurred by increasing the size of the structures present in the residual intestine, not by the increased number of structural units. Intestinal resection resulted in an increase in the number of villous and cr ypt enterocytes [12] . This adaptive response occurred secondary to increased crypt cell proliferation early after resection [13] . Deficiency of host defense mechanism and particularly the absence of secretory immunoglobulin A (SIgA) promoted SBBO and BT. The adaptation changes that occurred after EBR depended on the resected length, the location of the residual intestine and the amount of energy animals derived from enteral feeding [13] . The absence of the ileocecal valve exposed host to excess bacteria due to lack of the ileocecal valve brake function, this resulted in reflux of colon content that led to excess bacterial overload [13] . Though, the ileocecal valve was strongly predictive of bowel adaptation it was not predictive of survival, but the amount of energy that animals derived from enteral nutrition was predictive of survival. Evidence from experimental animal studies (rats) indicated that probiotics exert barrier-enhancing, antibacterial, immune-modulating and anti-inflammatory effect [14] . The capacity of probiotics to maintain bowel bacteria flora equilibrium was very modest and thus failed to prevent BO. The use of oral antibiotics (neomycin) prior to and after surgery failed to stop BO and BT to MLNS compared to other studies where the use of oral antibiotic cocktail (metronidazole, neomycin, and polymyxin) was reported to have completely blocked bacterial translocation. Even though the use of antibiotics was presumed effective for gut bacteria decontamination, our study did not find any useful effect of gut bacterial antibiotic decontamination. Moreover, the balance between intestinal resection and antimicrobial effect of antibiotics (neomycin) failed to stop SBBO. The intestinal mucosa demonstrated the harmful effect of drugs which together with EBR predisposed host to BO. Excess bacteria in the intestinal lumen caused deconjugation of bile salt acids which led to steatorrhea, this can progress further to liver failure even with the best treatment [15] . Absolute small bowel length and cholestasis (conjugated bilirubin ≥2.5 mg/dL), were the strongest predictor of mortality [16] . Gut bacteria became potentially harmful when gut ecosystem underwent abnormal changes due to EBR. We detected BT to distant organs (spleen and liver) compared with other studies where the BT studied were limited to just the MLNs [17] .
The lack of sufficient mucosal surface in operated rats and the long time intestinal adaptation process were crucial in determining bowel functional capacity. Strategies to increase adaptation remained elusive despite an abundance of experimental data.
Conclusions
SBS simulated in experimental animals (rats) by EBR caused BO in the residual bowel and this subsequently led to BT to MLNs, spleen and liver. SBBO and BT were the two most common complications in SBS with great impact on morbidity and mortality. These results demonstrated how the residual intestinal length influenced the evolution of SBS subjects postoperatively. However, by comparing the microbiology and histopathology results of rats with different percentages of intestinal resection, we were able to conclude that the greater the intestinal resection the lesser the chances of bowel adaptation and survival, also the greater the chances of the disease progressing to intestinal failure and cholestasic liver disease. We were able to sustain the fact that after an EBR there is a direct relation between the number of the intestinal bacteria (bacterial overgrowth), the abnormal intestinal mucosal morphologic and functional changes, and the bacterial translocation to distant organs. We also examined the evidence that after EBR adaptation occurred in rats just like in humans and focused on the factors that influenced adaptation and the strategies used to optimize this process. This studies permits better prediction of SBS outcome, which may help to direct future management of these life threatening and challenging cases.
